To be successful in multi-attribute auction, agents must be capable of adapting to continuous changing bidding price. This paper presents a novel fuzzy attitude based bidding strategy (FA-Bid), which employs dual assessment technique i.e. assessment of multiple attributes of the goods as well as assessment of agents attitude (eagerness) to procure an item in automated auction. The assessment of attributes adapts the fuzzy sets technique to handle uncertainty of the bidding process as well use heuristic rules to determine attitude of bidding agents in simulated auctions to procure goods. The overall assessment is used to determine a price range based on current bid, which finally selects the best one as the new bid.
INTRODUCTION
The emergence of electronic market places has dramatically increased the opportunities for the online auctions (e.g. eBay, Amazon etc.). Intelligent agent technology [Anthony and N.R.Jennings, 2002 , Byde et al., 2002 , Greenwald and Stone, 2001 , He et al., 2003 ] provides a powerful mechanism to address complex problems of dynamic pricing in automated auctions. The agents can use different auction mechanisms (e.g. English, Dutch, Vickery etc.) for procurement of goods or reaching agreement between agents. The agent makes decisions on behalf of consumer and endeavours to guarantee the delivery of item according to the buyers preferences. In these auctions buyers are faced with difficult task of deciding amount to bid in order to get the desired item matching their preferences. For this reason, the formalisation of bidding mechanism has received a great deal of attention from the agent community for the past decade. These software agents should be smart enough to bargain a favourable deal for the user. In order to be called an intelligent agent the software must satisfy several criteria like autonomy, temporal continuity, communication and cooperation. To this end, a number of researchers [P. Anthony and N.R.Jennings, 2003 ,Kowalcyzk and Bui, 2000 , Luo et al., 2003 , Ma and Leung, 2007 ,P. Stone et al., 2001] have reported different frameworks that help an autonomous agent to tackle the problem of bidding in auctions. Currently, no single implementation satisfies all the criteria, but there are several promising results for bargaining intelligent agents.
In this paper, a fuzzy bidding strategy (FA-Bid) is designed in an automated auction based on the dual assessment of multiple attributes of items as well as agents attitude on bidding item. To quantify attitudes and to deal with uncertainty of attribute assessment fuzzy sets technique is applied in the presented strategy. The basic procedure of the strategy is shown in Figure 1 . The remainder of the paper is organized as below. First, the detail of the presented strategy is illustrated. Then, a simple experiment is conducted. Related work and conclusion are discussed finally.
A FUZZY BIDDING STRATEGY (FA-BID)
In an automated auction, an agent's bidding activity is influenced mainly by two aspects, namely, 1) the attributes of goods and 2) the agent's attitude. Any agent prefers to make a bid for a quality goods. Rais- ing bids will dampen the established attitude of an agent on the goods. All these facts require an intelligent agent system, plays the role of an agent's representation, to adopt an appropriate bidding strategy. Considering the existence of uncertainty in a real auction situation, this paper focuses on how to make bid by using the agent's personal perspective.
To make a bid for a unit of goods, the agent should balance between his/her assessment on the goods and his/her attitude (aspiration) to win an auction. Generally speaking, an agent has stronger eagerness to make bid for a quality goods rather than a lower one. The eagerness is mainly based on the assessment on the goods. Moreover, an agent's attitude is also influenced by the bids because price is the unique factor through which agents and an auctioneer negotiate till make a deal. To win an auction, an agent must balance among the price (bid), assessment on the goods and attitude to win a bid.
Roughly speaking, the bidding procedure runs as follows:
• Firstly, evaluation on each related attributes is determined.
• Then these evaluations are aggregated to form an overall assessment on the goods.
• Next, the attitude of the agent is determined.
• Overall assessment is conducted.
• Finally, a new bid is determined.
Since in real situation uncertainty exists ubiquitously in expressing assessments, eagerness as well as their relationships with price, this paper uses fuzzyset-based method to process uncertainty in assessment and eagerness. First of all, this paper uses a satisfactory degree measure as the common universe of assessment, i.e., an assessment is treated as a fuzzy set on the satisfactory degree. Secondly, an eagerness is expressed as a fuzzy set on the set of assessments, i.e., the assessment set is the universe of eagerness.
In the following sections, details of the strategy is illustrated.
Attribute Evaluation
Attribute evaluation includes two kinds of process. The first one is individual attribute assessment, and the second one is assessment aggregation. To implement attribute evaluation, three issues are concerned, i.e., attribute weights (relative importance) adjustment, assessment expression, and assessment aggregation.
Weights adjustment
Weight adjustment implements dynamically change relative importance of multiple criteria. In a real situation an agent's personal preference on the attributes seldom has quickly fluctuation, i.e., the weights for criteria is relatively stable in a long run. The adjustment of weights resulted from the price should be limited to a rational range. Moreover, the adjustment shouldn't change the relative significance among criteria other than the price because raising price alters the relative significance of it to other criteria. In the following, the agent's preference is treated as an initial weight vector which is the basis of the adjustment. To construe an initial weight vector, the Analytic Hierarchy Process (AHP) method [Saaty, 1980] is applied because it is proved validate in practice although it may induce inner inconsistency. Suppose the obtained initial weight vector is W (0) .
Suppose the current bid p c belongs to [p l , p u ] ⊆ R where p l and p u are the lower and upper boundaries of possible bids respectively which are determined by the auction. Let C = {c 0 , c 1 ,... ,c K } be the set of K + 1 attributes and W = {w 0 , w 1 ,... ,w K } is the set of weights for attributes in C.
Because except the price agent's assessments on other criteria do not change, the adjustment of weight for price should be determined first. Suppose [−δ, δ] is the adjustable range of the weight for price and the current net increasing of weight for price is Δw 0 , then the current weight vector is determined by
where
and the relative significance of the criteria except for the price will not change after this adjustment.
Assessment Expression
Since uncertain expressions are often used in a real situation, this paper uses linguistic terms to express assessments. These linguistic terms are illustrated by fuzzy set. Moreover, the universe of these fuzzy set are unified to real interval [0, 1] which means the satisfactory degree of the agent to a particular attribute. Therefore, all fuzzy sets have same universe which is convenient for aggregating assessments.
Suppose g k (k = 0, 1,... ,K) is the satisfactory degree measure for attribute c k . Then an agent's opinion on the goods in terms of attribute c k is denoted by g k (u) where u(∈ U k ) is the real attribute value of attribute c k and U k is the real universe for attribute c k . For instance, departing time is an attribute for a flight ticket. The possible departing time in a day is from 0 : 00 to 23 : 59. For any time slot u, a client may present a satisfactory degree such as departing at 7 : 30 is with satisfactory degree 0.9 and departing at 3 : 00 is with 0.3.
In the following, let A = {a 1 ,... ,a n } be the set of used assessment terms which are fuzzy sets on satisfactory degree [0, 1]. Then a numeric satisfactory degree is transformed to a linguistic term. Continue the above example, suppose the assessment set is as shown in Figure 2 . Notice that a 7 is with the biggest the membership degree for 0.9, the assessment for departing at 7 : 30 is a 6 by the maximum membership degree principle. Similarly, the assessment for 0.3 is a 2 .
Assessments Aggregation
An aggregated assessment is the agent's overall opinion/preference on the goods in terms of multiple attributes. Take booking a flight ticket for example, an assessment is made on a ticket usually based on the airlines, flight departure and arrival time, flight type, aircraft types, seat positions, as well as price. The change of an attribute's value may leads to the alternation of an assessment. Instinct natures of different attributes increase the difficulty and uncertainty for obtaining an overall assessment. Notice that an agent's preference on an individual attribute can be expressed through the agent's satisfactory degree on that attribute. This paper uses an satisfactory degree measure as the common universe of assessment.
Based on assessment on each individual attribute, an overall assessment can be obtained as follows. Suppose the individual assessments of all attributes are v 0 , v 1 , ..., v K and the weights of them are w 0 , w 1 , ..., w k respectively. Then an overall assessment is obtained by
where Agg is a selected aggregation method, v k ∈ A (k = 0, 1,...,K) is the linguistic assessment on attribute c k .
To get an overall assessment in terms of a set of criteria, an aggregation method Agg is applied. Some existing methods can be used here, such as OWA operator [Yager, 1993 , Yager, 2004 , 2-tuple linguistic aggregation [Delgado et al., 1999 , Delgado et al., 2001 , and Weighted-sum. For convenience, we use the weighted-sum-based method to obtain an overall assessment as follows.
First, we construct a fuzzy setã on [0, 1] through
where v k (u) is the membership degree of u in v k . Next, we calculate the distance betweenã and a i ∈ A by
Finally, we select the nearest term(s) a toã as the overall assessment.
For example, A has seven terms, namely, a 1 , a 2 , ··· , a 7 as shown in Figure 2 . Supposeã is the obtained fuzzy set. By comparing the distances betweenã and each element in A, we know a 6 is the nearest item tõ a. Hence, a 6 will be taken as the overall assessment.
Attitude Estimation
Customer's attitude is his or her willingness to bid for a unit of goods, which is related to but not the same as the overall assessment on the given goods. After conducting new assessment on the goods according to current price p c , estimation of agent's attitude is implemented. In order to do so, the relationship between attitude and assessments is required. In general, the better the assessment on the given goods is, the stronger the attitude of bidding for that goods will be. However, this is by no means the unique relationship between attitude and assessment. For instance, other agents' competitive bidding sometimes can also cause strong willingness. In this paper, we mainly focus on the factor of assessment and extract this relationship from the agent's transaction records.
Suppose E = {e 1 ,... ,e m } is the set of attitude expressions, A = {a 1 ,... ,a n } is the set of assessments, and T = {t 1 ,... ,t L } is the agent's transaction records such that t i = 1 if the client won the transaction t i , otherwise t i = 0. Because in each transaction, the agent's assessment and attitude occur simultaneously, a set of formal rule, denoted by R, thus can be extracted from T such that any r ∈ R is of form r : (a i ⇒ e j , α i j ),
where a i ∈ A, e j ∈ E, and α i j is the reliability degree obtained by α i j = |{t ∈ T |a i , e j occur in t and t = 1}| |{t ∈ T |a i occurs in t and t = 1}| .
Such rule depicts the approximate degree of agent's attitude e j to which the agent can win the bid under the assumption that the overall assessment is a i . Furthermore, these rules can be treated as a set of fuzzy sets on A such that the membership degree in a fuzzy set f j corresponding to eagerness e j is α i j . Obviously, f j is an integration of rules (a i ⇒ e j , α i j ) (i = 1,...,n), which is able to be treated as an alias of e j . Hence, the fuzzy set f j is also called attitude in the following without other specification. Based on the rules in R, an agent can estimate the possible attitude of the agent when it learns the current overall assessment. set of fuzzy sets is obtained through the following way: suppose the overall assessment is a c , then the attitude at the moment is determined by the maximum membership degree prin-
Notice that such determined e c may not necessarily be unique. In the following, we call E(a c ) the candidate attitude set under a c .
Once the current attitude of the agent is determine, requirements for search new bids can then be determined. The main requirements include identifying required overall assessment and finding the candidate prices.
Overall assessment
Prerequisite of overall assessment is the basic requirement on the goods such that the agent has the highest possibility to win a bid under the current attitude.
To find the prerequisite of overall assessment, an order is firstly defined in E according to the strength of attitude. Without loss of generality, suppose e i < e j if i < j. Therefore, it is possible to select the strongest element from E(a c ). Then the strongest element in E(a c ) is chosen as the first candidate attitude to determine the prerequisite of overall assessment. From the agent's transaction records, a set of rulesR is determined such that anyr ∈R is of form
where e j ∈ E, a i ∈ A, andᾱ i j is the reliability degree obtained bȳ α i j = |{t ∈ T |a i , e j occur in t and t = 1}| |{t ∈ T |e j occurs in t and t = 1}| .
Based on the maximum membership degree principle, a set of candidate assessment is determined such that
wheref i is the counterpart to f i . Each element a in A(e c ) is called a candidate assessment under eagerness e c .
Agent price determination
An agent's assessment demonstrates some expection on the quality of the goods. As other criteria except the price are seldom changeable in an auction, this is regarded in terms of price.
is the real range of price. A price range U(a) corresponding to a candidate assessment a is a subset of U 0 such that for any u ∈ U(a), the assessment based on u and W is a. Notice that an assessment is a fuzzy set on the satisfactory degree [0, 1] which is the bridge between assessment and price, a price range is determined by the following steps.
Step 1: We divide the satisfactory degree
for any d ∈ D i and j = i, i.e., element in D i with biggest membership degree in a i .
Step 2: For D a corresponding to a candidate assessment a, we select price in U 0 such that g a (u) ∈ D a . U a is called a candidate bid set. Concerning that the satisfactory degree is continuously change with the price, we assume that U a is an interval in U 0 . Hence, let p la and p ua be the left and right boundary of U a .
Thus, a candidate price range for assessment a is determined.
Suppose for any element in A(e c ), we have obtained a corresponding candidate price range. Because new bid should higher than the present price p c , a candidate price set for A(e c ) is determined by
As it can be seen that the candidate price range may not exist under some assessments, in these case, a weaker attitude is selected to repeat the candidate price determination process until a range is found or the attitude is weaker than an acceptable level.
Suppose U A is a found price range, there must be a smallest element b in it. Then b is selected as the new bid.
EXPERIMENT EVALUATION
In this section, an experiment implements the fuzzy bidding strategy in a scenario in which an agent intends to book flight tickets. Six factors (as shown in Table 1 Suppose the identified perspective of an agent is summarized as below: • The agent prefers to a cheaper ticket and agrees to that the cheaper the better.
• The agent prefers to travel at the weekend rather than at working day.
• The agent prefers to no stop travel.
• The agent prefers to aisle seat then window seat.
• The agent prefers to travel during off-peak season rather than peak season.
• The agent thinks the flight price is the most important factor, secondly the travel season, and other factors are of same importance.
Based on the agent's perspective, the agent evaluates the ticket using seven terms (shown in Figure 3 ), i.e., very bad (a 1 ), bad (a 2 ), slightly bad (a 3 ), acceptable (a 4 ), fairly good (a 5 ), good (a 6 ), and very good (a 7 ). The seven terms are expressed by fuzzy sets on the satisfactory degree [0, 1] as below (see Figure 3) :
The assessment on each individual factor is Attribute Assessment c 0 (no assessment) c 1 good (a 6 ) c 2 fairly good (a 5 ) c 3 slightly bad (a 3 ) c 4 acceptable (a 4 ) c 5 good (a 6 )
As the ticket price is the changeable factor, the assessment on it is determined dynamically. For convenience, suppose the agent's satisfactory degree measure on price is expressed by a linear function as below:
Now assume the current price (p c ) is $900, the agent is required to determine a new bid in this situation.
First, the satisfactory degree of the current price is calculated by Eq. (15), which is 0.91. Because f a 7 (0.91) = 0.35 and f a 6 (0.92) = 0.82, the assessment for p c is a 6 (good). Next, since the price changes will affect the weights of all factors, a new overall assessment of the ticket is calculated. Suppose the increase of price weight is 0.05, i.e., the current weight of price is w 0 = 0.45. Then the weights of other factors are calculated by Eq. (2), and they are w 1 = w 2 = w 3 = w 4 = 0.09
Therefore, a fuzzy setã(u) is obtained (ã(u) in Figure  4 ). Then by Eq. (6), the most nearest assessment toã is a 6 . So the new overall assessment for the ticket is a 6 .
Then the agent needs to estimate the agent's attitude according to this assessment. Suppose the agent uses five terms to distinguish the attitude, i.e., none (e 1 ), slightly (e 2 ), medium(e 3 ), strong (e 4 ), and very strong (e 5 ). In order to estimate the agent's attitude, a set of rules of form Eq. (7) are extracted from a historical auction records, which are illustrated in Table  2 and Figure 5 .
By Figure 5 , the agent's attitudes at this moment are e 2 and e 3 because they have the highest reliability. Because e 3 is stronger than e 2 , the agent first searches possible bids under the attitude e 3 . Based on e 3 , the agent discovers that a 6 is the most preferred assessment on the ticket through rules in Table 3 . Hence, it will determine a candidate price range based on the assessment a 6 . Based on Figure 3 , the agent can divide the satisfactory degree interval [0, 1] into seven sub-intervals. In this figure, the interval corresponding to assessment a 6 is $[900-1100] and the current price p c belongs to this interval. Hence, a new bid can be selected from the interval. According to the FABstrategy, the smallest one greater than the p c (900) will be selected. For instance, if the least increase is $50, then the new bid b is $950. In this paper, a novel attitude-based agent's bidding strategy (FA-Bid) is discussed. It was noticed that agents, which adopt attitudes, behave more flexibly and efficiently than agents without attitude and adapt more easily to dynamic situations. Another unique idea presented in this paper is that to deal quantitatively the imprecision or uncertainty of multiple attributes of items to acquire in auctions, fuzzy set technique is used. The fuzzy logic provides attitude based agents provide resources in the decision making process of bidding agent. The bidding strategy also allows for flexible heuristics both for the overall gain and for individual attribute evaluations. It also explores the relationships between evaluations of different attributes using Analytic Hierarchy Process method [Saaty, 1980] .
There are a number of areas of further investigation. In future we would further like to explore the development of strategies for multiple auctions. We would also like to compare our bidding techniques with other decision theoretic approaches to determine the relative strengths and weaknesses of these methods. Different strategies may perform well in some environments but may perform poorly in another. The numbers of strategies that can be employed are endless and the search space is huge. To address this issue, we intend to use learning techniques to obtain a model of the price dynamics based on the past data and to search for most successful strategies in predefined environments in an offline fashion.
